Summary. Ovulation in vitro from isolated follicles of the teleost fish, Oryzias latipes (the medaka), is completely and reversibly inhibited by cytochalasin B. Ultrastructural examination of treated follicles shows no morphological changes in microfilament populations within the follicle, but shows an increasing number of small holes in the basal lamina between the epithelial (thecal) cells and the follicle cells with increasing duration of exposure. It is suggested that these correlate with the decreasing success of ovulation after drug removal after longer incubations with cytochalasin B.
Introduction
In spite of a large body of literature dealing with the ultrastructure and chemical control of ovulation in vertebrates, there is little understanding of the mechanism(s) responsible for oocyte extrusion in lower vertebrates. Most current theories on the mechanism of vertebrate ovulation include the view that enzymatic destruction of follicular tissue precedes application of a force which tears the follicle and represents the step during which the oocyte is extruded (Epsey & Lipner, 1965 ; Anderson & Yatvin, 1970) . In mammals, accumulation of fluid within the follicle, which distends the follicle rather than increasing the intrafollicular fluid pressure, is thought to provide this force (Lipner, 1973; Bjersing & Cajander, 1974) , but a role for intrafollicular contraction has not been ruled out. There has been little investigation of the origin of this force in lower vertebrates, whose follicles lack a fluid-filled antrum. The squeezing of the oocyte from the follicle during ovulation in lower verte¬ brates does not appear to be dependent upon contractions of ovarian smooth muscle : follicles isolated from frog (Rugh, 1935) and fish (Hirose, 1971) Schroeder (1973) found that hormone-stimulated ovulation from pieces of frog ( and Hyla) ovary in vitro was inhibited by the drug cytochalasin B, which has been demonstrated to inhibit both muscular (Bereiter-Hahn & Viehmann, 1972) and microfilamentous (Wessels et al, 1971) contractile systems. Schroeder postulated that a microfilamentous contractile system, probably located in the follicle cells, functioned in ovulation in the frog.
After study of the ultrastructure of the follicular envelope and the constriction of the oocyte of Oryzias during ovulation in vitro, we concluded that, in this species, the discontinuous patches of follicular cells could not be the source of the constricting force (Pendergrass & Schroeder, 1976) . Instead, we suggested that the bundles of 50-70 Â microfilaments which are abundant in the thecal layers after incubation for about 10 hr are involved in oocyte extrusion. We therefore investigated the effects of cytochalasin B on ovulation in vitro and on the thecal cell microfilaments in the teleost fish, Oryzias latipes (medaka).
Materials and Methods
Fish were maintained and brought into breeding condition as described previously (Pendergrass & Schroeder, 1976) ; the lighting regimen was 18 hr light/24 hr.
Ovaries from fish killed 9 hr before first light were placed into Electron microscope preparation. Oocytes which had been incubated in M-199 with 1 µ DMSO/ml alone, with hormone, and with 2 µg hormone -f 1 µg cytochalasin B/ml were fixed for electron micro¬ scope examination after 0, 5,10 or 15 hr of incubation using the cacodylate buffer fixative previously described (Pendergrass & Schroeder, 1976) . Silver sections were cut with a diamond knife, stained with methanolic uranyl acetate and lead citrate (Reynolds, 1963) and examined with an Hitachi HS-8 transmission electron microscope. An ocular micrometer calibrated against a stage micrometer was used to measure diameters of microfilaments on negatives exposed at a magnification of x21,000.
Results

Ovulation
The effects of addition of hydrocortisone and cytochalasin to the medium on ovulation in vitro are shown in Fig. 1 ) or more hours in cytochalasin B-containing medium had gaps in the basal lamina which were more frequent after the longer incubation. It is possible that the increasing frequency of these gaps with increasing duration of drug treatment led to the decreasing success of subsequent ovulation observed upon return to a drug-free medium. Follicles removed from cytochalasin B-containing medium before gaps appeared in the basal lamina and allowed to ovulate were ultrastructurally similar to untreated cells (PI. 1, Fig. 2 ).
Despite the frequency with which cytochalasin has been reported to affect microfilaments mor¬ phologically, the microfilaments in the thecal cells of Oryzias were similar to, and as extensive as, those found in control follicles that are expected to ovulate (Pendergrass & Schroeder, 1976) .
Discussion
The complete inhibition by cytochalasin of ovulation of Oryzias foil icles in vitro agrees with previous reports from this laboratory on the inhibition of ovulation in amphibians (Schroeder, 1973) and cell movements related to spawning in the starfish (Schroeder, 1971) , but contrasts with the report of Jalabert & Szollosi (1975) , who found that 1 or 5 µg cytochalasin B/ml did not completely inhibit prostaglandin-induced ovulation in vitro in the rainbow trout (Salmo gairdnerii). However, the two fish species apparently differ in the relative timing of germinal vesicle breakdown and ovulation: in the trout, oocytes were not removed from the female until 12-24 hr after germinal vesicle breakdown, and ovulation had not then taken place, while germinal vesicle breakdown occurs 4 hr before ovula¬ tion in the medaka (Yamauchi & Yamamoto, 1973) . The follicular tissue of the trout, therefore, had probably been exposed to the normal preovulatory endocrine environment for a considerable period, allowing some of the preovulatory events in the follicle to occur in vivo before addition of cytochalasin in vitro. In the medaka experiments, however, the drug probably operated throughout the postulated period of morphogenesis of myoepithelial cells in the theca (Pendergrass & Schroeder, 1976) .
The effects of cytochalasin are multiple and a complete picture of the action of the drug on cells
has not yet emerged. The affinity of [3H]cytochalasin for actin isolated from various sources is relatively low (Lin & Spudich, 1974) , although a direct effect upon actin filaments in vitro has been reported (Spudich, 1972) . Cytoplasmic filaments, thought to represent actin, often appear to break down in the presence of the drug (Wessells et al, 1971 ), but in many cases only the arrangement of the filaments is altered (see Goldman, 1972; Cloney, 1972; Messier & Auclair, 1972; Mak, Trier, Serflippi & Donaldson, 1974) . Since there is no other apparent contractile system within the Oryzias follicle, we conclude that the filament system found in the thecal epithelial cells must represent the contractile system whose function is inhibited by cytochalasin B, despite the unchanged ultrastructure. Spudich (1972) found that the addition of the troponin-tropomyosin complex prevented the disintegration of isolated actin filaments observed with cytochalasin B. The troponin-tropomyosin complex has been found in the smooth muscle of chicken gizzards (Ebashi, Toyo-Oka & Nonomura, 1975 ), brain (Puszkin & Kochwa, 1974) and platelets (Puszkin, Kochwa & Rosenfield, 1975) and is thought to be present in smooth muscle generally (Weber & Bremel, 1971) . The complex may therefore be present in the Oryzias follicle and serve to stabilize the filaments.
The presence of an intact but inhibited contractile system in cytochalasin-treated follicles is also suggested by the speed with which ovulation occurs after removal of the drug: some follicles com¬ pleted ovulation within 2 min of washing.
The filament arrangement and density in the thecal cells in Oryzias is more similar to that in smooth muscle than to that in most of the non-muscular filament systems which have been studied with cytochalasin B. However, the medaka thecal cells lack several of the cytological features charac¬ teristic of smooth muscle (Gabella, 1973) , e.g. the caveolae (membrane vesicles along the plasmalemma of the cell) and the dense patches in the filament mass. An effect of cytochalasin on smooth muscle has been reported by Bereiter-Hahn & Viehmann (1972) 
